The time-dependent scattering theory of charged particles on magnetic monopoles is investigated within a mathematical frame-work, which duely pays attention to the fact that the wavefunctions of the scattered particles are sections in a non-trivial complex line-bundle. It is found that Möller operators have to be defined in a way which takes into account the peculiar longrange behaviour of the monopole field. Formulas for the scattering matrix and the differential cross-section are derived, and, as a by-product, a momentum space picture for particles, which are described by sections in the underlying complex line-bundle, is presented.
It is the purpose of this note to demonstrate how these methods have to be changed and how a consistent theory of electron scattering on magnetic monopoles is finally obtained.
Standard Scattering Theory
In order to see what changes we have to perform, it is useful to recall first the two basic approaches of scattering theory [7] . To be as close as possible to the physical situation which we finally want to describe, let us first consider an electron moving in a time-independent magnetic field which is represented by a two-form B. Assume that
and consider the Schrödinger equation 
where A is function of the angle variables Q alone. 
The differential cross-section a is then given by
The physical importance of these operators lies in the following facts:
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in the presence of a nonvanisbing field and interpret tp sc (0 as the scattering wave due to the interaction with the external field. Consequently, the probability that the particle is scattered into a cone C with apex at the origin, is given by the formula
Using Eq. (8) and some mathematical properties of the free evolution operator one finds (7] : 
Electron-3Ionopole Scattering
Let us now consider electron scattering in the field of a magnetic monopole with magnetic charge fi fixed at the origin; i.e. the electron moves in a magnetic field described by the two-form b) The curvature w(V) and the external magnetic field B are related bv the formula
It has been shown in Ref. [4] that this new formulation fulfills all the requirements of quantum theory. In particular, if the particle is described by a section a, then <o", a)(x) represents the probability to find the particle at the point x. It follows that our quantum mechanical Hilbert space H consists of all square-integrable sections a:
H -:\o\ Jd3*<<r,<r>(*)<ool,
I D(B) I
with scalar product
Moreover, the Schrödinger equation (2) reads now as follows: This construction has been shown elsewhere [4] ; at this place we just give the result without proofs.
Identify U(l) with the group of unimodular complex numbers and let dn: £7(1)->£L(C) denote the representation dn(z) = z n ; (zeU(l)).

It turns out [4] that there is a fixed principal
U(l)-bundle P -> R 3 such that £ra is associated to
P via the representation dn for all n\ i.e.
Moreover, there is a connection form a in P, such By a standard theorem in differential geometry [12] , there is a canonical linear isomorphism moreover, a covariant derivative V in is given by the formula (er e Sec (w)):
V is compatible with the fibre metric <<ri, <r2>(*) = :
where q e (x) P is any point in the fibre over x e R 3 . It is now convenient to define a suitable volume form C04 on P:
and to introduce the Hilbert space ß(n)cF{n): which appears to be mathematically natural.
The Scattering into Cones Formula After having defined H and Ho', we are now able to study the Möller operators Q± given by Equation (6). From the last section it is clearly more convenient to work within the Hilbert space ß(n), of w-equivariant functions on P, and to investigate the operators
Q± = df~1 Q± df = lim ewte-ihot . (36) <->•±00
To this end we need some technical preparations.
First recall that the space of unit quaternions forms the group SU(2). The Wigner coefficients [15]
Dm.m'iQo), {qo 6 SU (2) 
where tj and lj° arc given by the equations 
It is well-known [17] that
With the help of (36) and (46) one can then establish the "scattering into cones formula" which holds for our problem. The derivation is completely analogous to the one of Sect. 2; the only difference consists in the replacement of the ordinary wave-function xp by a section a in the bundle £w. One finds that the probability of a particle being scattered into the cone C is given by the formula:
P(C, a) = jd 3 x((S -1 )Fo, c (S-l)Fo>(x)
with 
In contrast to this, one finds in the references mentioned before
The expression (50) has the (physically reasonable) property that d(j) vanishes for large angular momenta j, whereas (51) diverges. As a consequence the corresponding expression for the differential cross section is a divergent series which has to be regularized ad hoc. Our expression for the cross section behaves perfectly well in this respect.
We have already mentioned that the time-independent approach uses a modified boundary condition at infinity. It might be that this new boundary condition is mathematically not adequate, but that the numerical regularization (which is in fact done on the computer, see Ref.
[9] compensates for this defect. Our result could then be compared only numerically with the time-independent approach presented so far in the literature; no effort in this direction has yet been done.
Appendix
We want to prove now the Eqs. by the formula, (q e P):
In addition, we define the unitary operators (compare Section 4):
V±(t) = U2(mlt)U1(Ttl2m)UTU^T,
with t e R and t > 0.
We 
+ | exp (=f ißotip} -V°±(t)ip | + \V±(t)Q±ip-V°±(t)ip\. (Al)
According to Lemma 2, the first two terms con- 
(compare Eqs. (45) and (46)).
According to Sect. 1 the probability that a particle is scattered into a cone C, is given the formula
P(C, a) = lim Xo{t) t-*oo with
Xa{t) = Jd3«<orBc(0, ffsc(0>(«). c
The scattering wave aBC (t) is on our case a section defined by the formula Comparing P(C, a) with the corresponding expression of ordinary potential scattering [7] , we see that Fa replaces the Fourier transformation, which cannot be applied in our case. We use, however, this analogy in order to identify Fa with the "momentum space"-wave-function of quantum mechanics (note, however, that Fa is a section). Hence (F a, F a) (p) becomes the probability that our particle has momentum p. 
